Summary. An 
Introduction
The zona pellucida plays a critical role in initial stages of fertilization, since spermatozoa must attach to and pass through this layer before undergoing fusion with the egg. Except for some closely related species, e.g. horse and donkey, goat and sheep, the binding of spermatozoa to the zona pellucida is a species specific event which is generally attributed to the presence of sperm binding sites or receptors on the zona pellucida. The species-specificity operating in sperm-egg fusion is less distinct because the capacitated spermatozoa of other species readily fuse with the zona pellucida denuded eggs of many species (Yanagimachi, Yanagimachi & Rogers, 1976; Yanagimachi, 1977;  Austin, 1977; Barros, Gonzalez, Herrera & Bustos-Obregon, 1978 ; Hanada & Chang, 1978) .
In addition to enzymes and plant lectins, antibodies against male and female gametes have been used for studies on sperm-egg recognition mechanisms. Antibodies to the zona pellucida have been obtained in antisera produced against the ovary (Shivers, Dudkiewicz, Franklin & Russell, 1972; Ownby & Shivers, 1972; Oikawa & Yanagimachi, 1975; Sacco, 1978; Tsunoda & Chang, 1976) , the egg (Glass & Hanson, 1974;  Tsunoda, 1977; Tsunoda & Chang, 1978) , the isolated zona pellucida (Sacco & Palm, 1977) , and solubilized zona pellucida (Gwatkin, Williams & Carlo, 1977; Gwatkin & Williams, 1978) . Such antisera specifically form a precipitation layer on the zona pellucida, render it insoluble to proteolytic enzymes and inhibit sperm attachment and fertilization. However, in all these studies, the immunochemical mechanism of antibody action is not evident; it is not possible to distinguish between the specific blockage of the sperm binding sites from the steric blockage due to cross-linkage of adjacent but structurally unrelated sites (Dunbar & Shivers, 1976) .
In previous studies, crude antisera have been used so that the high contamination and multivalent nature of the antibody preparations have not proved to be of much help in understanding the nature of the zona-sperm interaction. The value of Fab antibody molecules as an aid to understanding the mode of action of anti-zona antibody has been recognized (Garavagno, Pasoda, Barros & Shivers, 1974; Dunbar & Shivers, 1976; Shivers, 1976) , and the inhibitory effects of univalent antibody to hamster spermatozoa on in-vitro fertilization of hamster eggs have been demonstrated (Tzartos, 1979) . In the present study, therefore, we examined the effects on the zona pellucida of univalent (Fab) 
Gamma-globulins and the univalent {Fab)fragments
The separation of the -globulins from the serum was obtained by ammonium sulphate precipitation. Pre-immune and immune -globulins were then digested with papain (Porter, 1959) to obtain univalent (Fab) fragments. Any undigested -globulin in the solution was eliminated by passage through a Sephadex-200 column. The Fab antibody solutions were then subjected to low pH treatment (pH 2-3 for 15 min at 37°C) to denature the traces of active papain; the pH was adjusted to 7-0 and the solution was dialysed overnight against cold 0-9% (w/v) sodium chloride (Tzartos, 1979 (90) 28 (100) 29 (96) 22 (100) 18 (94-7) 0 (0) (Fig. 2) only the zona pellucida remains fluorescent. Control eggs exposed to FITC-conjugated preimmune Fab preparation were completely non-fluorescent. Fig. 3 . Indirect precipitation test. Hamster eggs were incubated with the immune Fab preparation (<2 mg/ml) followed by goat anti-rabbit IgG (5 mg/ml). There was a dense precipitation layer on the zona pellucida. Control eggs exposed to preimmune Fab preparation followed by goat anti-rabbit IgG showed no precipitation. restored to the surface of the zona pellucida of Fab-pretreated eggs by further treating them with goat anti-rabbit IgG, a dense precipitate reappeared and restored the light-scattering property of the zona pellucida which was also then resistant to the dissolving agents. Text- figure 1 shows that the addition of anti-ovary Fab preparations (3-5 mg/ml) absorbed with liver and kidney to the suspension of capacitated hamster spermatozoa had no effect on sperm motility and fertilizing ability. The whiplash movement characteristic of capacitated spermatozoa (Yangimachi, 1970) (Hartman & Gwatkin, 1971; Oikawa, Nicolson & Yanagimachi, 1973 (Gwatkin, 1978; (Sacco & Shivers, 1973; Glass & Hanson, 1974; Jilek & Pavlok, 1975; reviewed by Shivers, 1976) . The proportion of non-antigenic substance (sperm receptors) within the zona pellucida cannot be established without further studies, but all the existing information suggests that this is not a minor component. The presence of receptors throughout the zona pellucida is thought to be a requirement for the smooth passage of spermatozoa and extremely low concentrations of solubilized zona pellucida can prevent sperm-egg binding present study). Tzartos (1979) found that Fab antibodies to hamster spermatozoa inhibit sperm binding and passage through the zona pellucida as well as fusion with the egg membrane. This suggests that there are molecular configurations on the sperm surface which interact with the receptors on the zona pellucida and the egg membrane. In studies with Fab antibodies, the presence of similar antigenic molecules has been indicated on sea-urchin (Metz, Shuel & Bischoff, 1964; Eckberg & Metz, 1974) and rabbit spermatozoa (Rosso & Metz, 1974; Dunbar, Munoz, Cordle & Metz, 1976) . The apparent absence of antigenic sperm receptors on the surface of the zona pellucida, as shown in the present study is consistent with findings for sea-urchin eggs (Graziano & Metz, 1967; Metz & Thompson, 1967 ; review by Metz, 1972 Metz, , 1978 .
Information on the chemical composition of the zona pellucida is fragmentary, and so is the specification of 'fertilization receptors' although these have been suggested to be glycoprotein in nature (Austin, 1968; Inoue & Wolf, 1974; Oikawa et al, 1974) . Bedford & Cross (1978) have questioned the earlier evidence supporting these ideas. Their findings, coupled with those of the present study, strongly suggest that, in order to explain the zona-sperm interactions in molecular terms, the biochemical extraction and identification of the antigenic substance in the zona pellucida is essential.
